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EFFICTS OF COMPRESSIBILITY AND LARGE ANGLES OF YAW
OW PRESIURE INDICATED BY A TOTAL-PRES3URE TURBE
By Milton D. Hunphreys

STRIMARY .

The effects cf 2onrressiblllity and angle of yaw on
thre pressure measured by a round-nose and u flat-nose
tetul-pressure tube have been lnvestlgated, The Lests
wore conducted in the Tumngley roctanzular Ligh-speed
tunnel &t Mach nurbers from 0.3 to 0.9 for angles of
vaw from 0° to 180C°.

T™e results Indlcuated that no error was Ilncurred
In the measurement of total pressura by elther btube for
anglos of vuw from 0° to 10° In the Mach number range
Investigated. At constant NMach numbs=+s, tle round-nose
tubs had a linear varlution of totel-nressure arror
with sngle of yaw at angles ranglng from 500 to 700,
This characterlstlc is desirable 1n yaw heads o the
Y-tyne. The flat-nose tube had a nonlinear varlatlon
ol totul-preasure error with sangle of yaw in thils raage.

INTRODUCTION

Avallable Information on the pressure measured by
total-pressure tubes yawed with respect to the alr stream
was limlted to small angles of yaw and low Mach numbers,
An Investization has therefore besn conducted to deter-
mine the nressure measured by a total-pressure tube for
Mach numbers from 0.5 to 0.9 over the angle-of-yaw range
from 0° to 180°. Two types of total-pressure tube were
tested, a round nose und a flat nose. The information
obtained In thls report should facllitate analysis of
flow~direction measurements and other aerodynamic
properties.
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APPARATUS AND METEODS

The tests were made 1n the Langley rectangular
hich-aneed tunnel, which 13 an !nduction-tyne tunnel
raving 8 y4- by l3-inch test sectlon. Atmospheric airv
is 1nﬁuced to flow thrcugh the tunnel by an induction
nozzle located downstream from the test sectlcn.

Excent for a small loss of rressure resulting from the
vassage of alr throush the screens at the tunnel entruncs,
the total nressure at thte test section 1s anproximately
saqual to atmeosvherlc nressure. This wind tunnel 1s
baslcully simllar to the T.A.C.A. hiph-sneed wind tunnel
described In refersnce 1.

The round-nose and tha flat-noss total-pressure
tubes used 1ln thls invesatizatlon were made of brass
tublng baving an outsicde dlameter of 0,125 inch and
walls 0.025l inch thick. Ths tubes were constructed .
in the form of an L with & hsad 1 Inch long at an
engle of 90° to the supporting soindle (flg. 1).

Tre totel-pressure tube was mcunted In the center
of the test sectlon wlith the suvnortlng spindle normal
to the tunnel wall and passing out through a hole of

avproximately %—inch dlameter drilled 1n the wall. The
head of the tube could be rotated abecut the spindle

8xls trroush the angle-of-yaw runge and conldéd bs locked
!n any cdeslred position.

S YIB0OLS
H total pressure measured sbove absolute zero wlth
alr at rest
H! pressure indicated by total-pressure tube
M free-stream Mach number
My jach number at nose of tube computed on assump-

tionsthat flow 15 udlabatic and that H' eguals
gstatlc pressure abt nose of tube

Po free-stream statlc pressure
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o] free-stream dynamic nressure (}pv%)
o] | density, slugs per cublc’ foot
\4 veloclty of mean free stream, feet ver .second
v engle of yaw of Instrument head
PRECISION

It 13 belleved that practically all the errors to
which the quantities measured in this investigation are
subjJect are of an accidental nature. The variation in
Nach number 1In the test sectlion parallel and normal to
the tunnel axis 1s Ilnsigniflcant for these tests. Tunnel
constriction effects should be negliglble because of
the small slze of the total-pressure tube relative to
Lhe tunnel slze. Alr-flow misalinement and the error

In alinement of the total-nressure tube are withilin iE .

The free-stream static pressure and the error in
total rressure as lndicated by the total-»ressure tubes
were measured by visuul observation of ligquid-~filled
manometers. Liqulds of dl{ferent densltles were used
in the manometers for varlous runges of presasure Gif-
ferences to lnsure large rises of the liquld and thereby
minimize the errors in readings. An indlcation of the
magnl tude of the accidental error Involved in these
data 1s glven 1in flzures 2(a) and 2(b), each of which
shows the scatter for two tests wlth the total-pressure
tube at an angle of yaw of 65°. Check polnts are indi-
cated by flagged symbols,

The data presented have been correct=d for the
total-pressure loss resulting from the passage of the
alr through the screens at the tunnel entrance. The
emount of thls loss was determlined by measurements
mede In the test section and 1in the low~-speed region
ahead of the entrance cone and was checked by computa=-
tions of the pressure loss through screens.

RESULTS AND DISCUSSION

The variatlon of total-pressure error, in terms of
total pressure, with Mach number for the round-nose and




Iy NACA RB No. L5630

for the flat-nose tubes 1s shown in flgures 2(a) and 2(b),
respectively. At constant angles of yaw cf 20° or
greater, the total-pressure error increased with
increaslng Mach number. The rate of change of the error
wlth Mach number lncreased as the ungle of yaw was
increased from 20° to approximatsly 90°, where the rate
of chanme of thse error was at a maximum. At sngles of
yaw from 0% to 1809, the slopss decrsased with increasing
angle of yaw.

The varlation 1In che total-pressure ervor with WVach
number tecame locreasingly lrrezulsr In the froee-straam
Mach number range from 0.7 to 0.3 fcr angles of yaw
batween 110° and 150° (figs. 2(a) end 2(b)). If the
flow 1s asswed to te adlahatic anéd the prsssure
measured by the tube H' 13 assumed to correspcond to
tre static nressure of the flcw in the vicinity of the
openinz In the nose of tle tube for these condltlons,
the local Mach number My, cun be ccmputed. The velue

of E—%TBQ for a Mach number of 1.C would be C.)72.

It can be ssen that the irrezularities In the curves

R

occur ncar a valuo cof of 0.,72 snd are vossibly

édue to the formatlon or movement of shock.

Te variation of total-nressure error, in tsrms
of freec-strcam dymamlc pressure, slth MNach nurber 1s
st:own In Tignre 3. For angles of waw greater than 20°,
the total-vressure errcr had a small, nonlinear varilation
with Mach nuzher. This variation became Irregular at
the higher angles of yaw and the most vprononced direc-
tlonal changzes oczccurred near 0%, No error wes incurred
in the measursm=nt of total »mresasure by cltiier tne round-
nosa or the flat-noss tube over tue Mach nmber range
extendling from 0.3 to 0.9 for an angle-of-vaw range
frem 09 to 10° (figs. 2 &and 3).

The varlation of tha total-nrszssure ervor, in
terms of total nreasure, with ungle of vaw 1s presentzd
in figure i fcr several Mach numburs. The curves were
obtaln~d by cress-olotting the data presented in fig-
ure 2. Ths results show that the totul-prssaure error
increascd with increasiang the sngle of yaw from 20° to
approxlmately 37° and tren decreased as ths angle of yaw
was Increased to 120°,

At an angle of yaw of 1800, the pressure measured
at the nose of each total-prsasure tube was approximately
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the same for equal Mach numbers and was below free-
streem statlc pressure po at all spesds. The relation
glven by - - -~ : - e oL .

for either tube at an inclination of 180°_to the alr
E-0p

stream 1s correct within 12 vpercent of —~if—9 over

the Mach number range iavestigantad. Thls agreement

nresents a poscible methcd oP detsrﬂining statlc pres-

sure by means3 of a almple instruneat thut may be useful

In soms Installatimns,

ine varlation in thie total-vressura error, in terms

of tr=2 abtrean Cdynumic nresaurs, as » fuwictlon of ungle
of wa¥ for ccnstaabt Mach nunbcrs Lo shovm ia figure 5,
a croas nlot of the data In (Llrure 3. Whereas the flat-
nose tube had & nonliaeur variution of cotal-pressure
e orcr «l.h ungle ol yuw over an ang.ilear range from
50740 79°for constuni iack noei-ems, the rouad-nose tube
huﬂ & ltiear clrange -~ an Indleation that the rcund-roso
tute would VLo cGes LP&hl? fer use in uw heads of the
Y-tyra., A Y-tyrma vaw nred using round-nese Lukes ail
a1 Inzlud=d an gle af 1.20° shomld Sive 4 Min2ur varlatlon
In callbration factor over au u“TlLuP rerge of 109,

In ordar to zive an indileratlon of rossihle effcect
of ccmnressibility on the calibratlion fuctor of u yaw
haud, the slones of the curves of fizure 5(a) ure shown
in *lgure 6 Ffor angles of yaw between 50° and 70°, Tals
curve Indlcates a small effect of compreaslbility on
the callbrstion of a yaw head having round-nose tubes
1f the raw hoad support 1s assumad to have negligible
Influsznce,

CONCLUSTCNS

Tests made to detarmlino the effecta cf compressibllity
and angle of yaw on tha pressure measured by a round-
nose and o flat-nose total-pressure tube Iindlcated that:

1. Total~pressurs tutes of the type tested in thils
Investisation wou1a glve true total vpressure for anzles
of yaw of 0° to 10° for Mach numbers from 0.3 to 0.9.
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2. At constant Mach numbers, the round-noss tubs
had a llinear wvarlation of total-pressure error siih
angls of yaw st angles ranging from 50° to 70°. Ths
flat-nose tube had a nonlinear variation of ths total-
vressure error with angle of yaw In this range. The
round-10ss tubes set at an *ncluded angle of 120° should
there fors be desiratle for use us components of a Y-type
yaw hsad. Thils wvaw liead should glive a llnear varlatlicn
irn calibration factor over an angvrlar rungs of +10°,

Langloay Hemorial Aeronsutical Laboratory
National Advlsorv Conmlttee fcr Aeronautlcs
Langley Flald, Va.
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l. Stack, John: Tks 7,A.0.A. High-S»need Wind Tunnel and
Tests of Sir Propeller Sectlons. WNACA Ren. No. 163,

1935.
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